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ε∂tE− curl(H) = 0,
µ∂tH + curl(E) = 0.
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+ (Gx∂x + Gy∂y + Gz∂z)
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βG0W + (Gx∂x + Gy∂y + Gz∂z)W = F,
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V = {W ∈ H(curl)×H(curl); (MΓm −Gn)W|Γm = 0, (MΓa −Gn)W|Γa = 0}
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1
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∫
Ω
(Wn)t(G0W
n)dx =
1
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∫
Ω
ε ‖ En ‖2 dx +
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∫
Ω
µ ‖ Hn ‖2 dx
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Gxyz ≡ (Gx∂x + Gy∂y + Gz∂z)
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∫
Ω
W
tGxyzW =
∫
∂Ω
W
t(GnW)ds−
∫
Ω
W
tGxyzW.
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∫
Ω
W
tGxyzW =
1
2
∫
∂Ω
W
t(GnW)ds,
=
1
2
∫
Γm
W
t(GnW)ds +
1
2
∫
Γa
W
t(GnW)ds,
=
1
2
∫
Γm
W
t(MΓmW)ds +
1
2
∫
Γa
W
t(MΓaW)ds,
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∫
Ω
W
t(Gx∂x + Gy∂y + Gz∂z)W =
1
2
∫
Γa
W
t(|Gn|W)ds ≥ 0.
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Vh =
{
V ∈ [L2(Ω)]3 × [L2(Ω)]3| ∀K ∈ Th , V|K ∈ Pp(K)
}
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∫
K
(G0∂tWh)
t
Vdx +
∫
K

 ∑
l∈{x,y,z}
Gl∂lWh


t
Vdx = 0 , ∀V ∈ Vh,
¹4 
àﬃàé3\ ﬀ¹÷
N   (3  (	 D! 1(35 (35ﬁ
 (35[  
3
´Rt4§#´ZªÆ}|Ë3¹~p|Rt±Łr~+
∫
K
(G0∂tWh)
t
Vdx−
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W
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 ∑
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Gl∂lV

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∫
∂K
(GnKWh)
t
Vds = 0 , ∀V ∈ Vh,
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∫
K
(G0∂tWh)
t
Vdx −
∫
K
W
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h

 ∑
l∈{x,y,z}
Gl∂lV

 dx
+
∑
F∈∂K
∫
F
(ΦF (Wh))
t
Vds = 0 , ∀V ∈ Vh.
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ΦF (Wh) =


IF,KGnF {Wh}
Ï²
F ∈ F0,
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2
(MF,K + IF,KGnF )Wh
´²
F ∈ (Fm ∪ Fa).
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t4~²
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W
Fm
³t4~WtN´¡Zt±|
Fa
Fort2~t
²D²aZt4~pZËort%ÆWZr3r|
Γm
³t4~dt4´¡Zt±|
Γa
Âut2o3·t%rport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Rtt4ª~ort4sBt
Z~B´õ¾4ÀXÁ ÅF²³ZBortÉt4¡X±´W#Õ²xort ﬁ3r¶:or3§o Ô´Rt4W±ﬁ²at
F ∈ F0
Â wÉZt4#¡t44Å
I
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s(tR~²
Th
·6orZ~txr´s(tW~¹ËŁ~
nF ×nE

nF
i}rs)Ædt6²ﬃ²aZt4~63
nE
i}rs)Ædt6²Gt4±´t4sBt4R~p3,~6rtº3rtN
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IF,K =


0
´²
F
}t4~prÆWt4±´Zr§B
K
Å
1
´²
F ∈ K
3
F
3
K
oWX¡txort8~s(t
ZtR#
(
[Â t
sign(ntF nK) = 1),
−1
´²
F ∈ K
3
F
W
K
(r6o3X¡t
ort8~s(txZtR#
(
[Â t
(sign(ntF nK) = −1).
K3%Ë²aZt
F = K ∩ K˜
·6ort4t
K˜
~%,rt§o}Æd´3§ªt±ts(t4Z%²
K
Åm·ﬁt(tº33t¦ort2rs(Ê²
ort%¡tNﬁº3t±Ł
Vh
3,Ï~X¡t4§tlZ~
JVhKF = IF,KVh|K + IFK˜Vh|K˜
3
{Vh}F =
1
2
(Vh|K + Vh|K˜),
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R
K
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t4 ﬁ3¶µ²³Z2ort!Rt3±ﬃ²aZtN~(¾´NÀXÁ·6or±´tB²³<ortB²at4~
F
Â Kr<ÆdrWr|É²at4~4Å·t
~t 
MF,K =


IF,K
(
03×3 NnF
−N t
nF
03×3
)
´²
F ∈ Fm
Å
|GnF |
´²
F ∈ Fa
Â
¹N 
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K
²
Th
ÅZort<rÆr±ts
6o33
Ł~ﬁ(º3W
Wh ∈ Vh
~¹Woªo3#
∀V ∈ Vh

∫
Ωh
(G0∂tWh)
t
Vdx−
∑
K∈Th
∫
K
W
t
h

 ∑
l∈{x,y,z}
Gl∂lV

 dx
+
∑
F∈Fm∪Fa
∫
F
(
1
2
(MF,K + IF,KGnF )Wh
)t
Vds
+
∑
F∈F0
∫
F
(GnF {Wh}F )
t
JVKF ds = 0.
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§o}Æd´3§
t4±´t4s(tR6²
K

∑
F∈F0
∫
F
(GnF {Wh}F )
t JVKF ds =
∑
K∈Th
∑
F∈∂K
F∈F0
∫
F
1
2
(
GnF Wh|K
)t (
IF,KV|K
)
ds
+
∑
K∈Th
∑
F∈∂K
F∈F0
∫
F
1
2
(
GnF Wh|K˜
)t (
IF,KV|K
)
ds,
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∑
F∈F0
∫
F
(GnF {Wh}F )
t
JVKF +
∑
F∈Fm∪Fa
∫
F
(
1
2
(MF,K + IF,KGnF )Wh
)t
Vds
=
∑
K∈Th
∫
∂K
1
2
(
GnF Wh|K
)t (
IF,KV|K
)
ds
+
∑
K∈Th
∑
F∈∂K
F∈F0
∫
F
1
2
(
GnF Wh|K˜
)t (
IF,KV|K
)
ds
+
∑
K∈Th
∑
F∈∂K
F∈(Fm∪Fa)
∫
F
1
2
(
MF,KWh|K
)t
V|Kds,
Ærr+
∫
∂K
(
GnF Wh|K
)t (
IF,KV|K
)
ds =
∫
K
W
t
h

 ∑
l∈{x,y,z}
Gl∂lV

 dx
+
∫
K

 ∑
l∈{x,y,z}
Gl∂lWh


t
Vdx.
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ZrRport8ÆW#¡Ztxt¶}3tN~~´Z3~4Å UWÂ &T ﬁÆdt4Zs(t4~+
∫
Ωh
(G0∂tWh)
t
Vdx −
1
2
∑
K∈Th
∫
K
W
t
h

 ∑
l∈{x,y,z}
Gl∂lV

 dx
+
1
2
∫
K

 ∑
l∈{x,y,z}
Gl∂lWh


t
Vdx
+
1
2
∑
K∈Th
∑
F∈∂K
F∈F0
∫
F
(
GnF Wh|K˜
)t (
IF,KV|K
)
ds
+
1
2
∑
K∈Th
∑
F∈∂K
F∈(Fm∪Fa)
∫
F
(
MF,KWh|K
)t
V|Kds = 0,
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2
∫
Ωh
(G0∂tWh)
t
Vdx−
∑
K∈Th
∫
K
W
t
h

 ∑
l∈{x,y,z}
Gl∂lV

 dx +
∑
K∈Th
∫
K

 ∑
l∈{x,y,z}
Gl∂lWh


t
Vdx +
∑
F∈F0
∫
F
[(
GnF Wh|K
)t (
IF,K˜V|K˜
)
+
(
GnF Wh|K˜
)t (
IF,KV|K
)]
ds +
∑
F∈Fm∪Fa
∫
F
(MF,KWh)
t
Vds = 0.
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

a(W,V) = 2
∫
Ωh
(G0W)
t
Vdx,
b(W,V) = −
∫
Ωh
W
t

 ∑
l∈{x,y,z}
Gl∂lV

 dx + ∫
Ωh

 ∑
l∈{x,y,z}
Gl∂lW


t
Vdx,
c(W,V) =
∑
F∈F0
∫
F
[(
GnF W|K
)t (
IF,K˜V|K˜
)
+
(
GnF W|K˜
)t (
IF,KV|K
)]
ds
+
∑
F∈Fm∪Fa
∫
F
(MF,KW)
t
Vds
npo}3~¹ﬂT ﬁŁ~pt4Rr¡#±tR6Bº3W
Wh ∈ Vh
~¹Woªo3#
∀V ∈ Vh

a(∂tW,V) + b(W,V) + c(W,V) = 0, ∀V ∈ Vh.
¹X£ 
ult8o3lo3t8Ær±´rt46²³s
b(W,V)
Ł~l~¼t4·pÍ ~|}s(sBtxoRW~
b(Wh,Wh) = 0
Â K3rort4¹Í
s(ZtZÅr~¹3t
GnF
Ł~~|}sBs(t<W
IF,K˜ = −IF,K
·ﬁt%Ær 
c(Wh,Wh) =
∑
F∈Fm∪Fa
∫
F
(MF,KWh)
t
Whds.
3År3~r§Bort%ÆdrWr|Ëdt#~ 
N p3,~3t
MΓm
~l~¹¼Zt·pÍÄ~¹|}s(s(tŁ 
c(Wh,Wh) =
∑
F∈Fa
∫
F
(|GnF |Wh)
t
Whds.
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W
n+1
h ∈ Vh
~3o,o3
∀V ∈ Vh

βa(Wn+1h ,V) + b(W
n+1
h ,V) + c(W
n+1
h ,V)
= βa(Wnh ,V) − b(W
n
h ,V)− c(W
n
h ,V),
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·6ort4t
β =
2
∆t
Å§Z´¡Zt
W 0h = Wh(0)
Å·6ort4t
Wh(0)
~ªo3tÊŁ~tÌ4 ²%ortkRŁ±
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βa(Wh,V) + b(Wh,V) + c(Wh,V) = 0, ∀V ∈ Vh,
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b(W,V)
Ł~8~¹¼Zt·pÍÄ~¹|}s(s(tŁB·t
§Zt 
βa(Wh,Wh) + b(Wh,Wh) + c(Wh,Wh) = 2β
∫
Ωh
(G0Wh)
t
Whdx
+
∑
F∈Fa
∫
F
W
t
h|GnF |Whds = 0.
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G0
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b(W,V)
Ł~~¼t·pÍÄ~|Rs(s(tŁ<3
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V =
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n+1
h + W
n
h
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b(W,V)
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